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Abstract. Four species of fungi formed mycorrhizae with Pseudotsuga menziesii 
(Mirb.) Franco roots in a new, simple apparatus that permits seedling tops to grow 
in the open while roots grow in pure culture with an inoculated fungal isolate. 
Morphology and anatomy of mycorrhizae formed with each fungus are described 
in detail. The need for preserving voucher specimens of fungi reported as my- 
corrhizal associates is emphasized. Detailed descriptions of mycorrhizae formed by 
known fungi on specified hosts are needed as a basis for mycorrhiza classification. 


FORMATION of mycorrhizae in pure cul- 
ture by a given host and fungus can 
serve several research purposes. For exam- 
ple, it confirms the specific host/fungus 
mycorrhizal. association, thereby providing 
insights into the ecology of both associates. 
It provides defined material for study of 
mycorrhizal physiology. It permits com- 
parison of effects of different mycorrhizal 
fungi on a given host species, a particularly 
interesting avenue of research in light of 
the apparent protection from disease afford- 
ed to rootlets by some mycorrhizal fungi. 

The experiments reported here had two 
goals: 

1. To test modifications of standard 
techniques for pure culture synthesis of 
mycorrhizae ; 

2. To test four hitherto untested spe- 
cies of fungi for mycorrhiza-forming ability 
with Douglas-fir (Pseudotsuga menziesi 
var. menziesii ). 

Mycorrhizae resulting from the experi- 
ments additionally served as material to 
exemplify some principles of describing 
mycorrhizal anatomy and reporting ecto- 
trophic associations. 


Materials and Methods 
Isolation and Culture of Fungi 


Isolates were obtained from tissue of fresh 
sporocarps that were later identified, num- 
bered, dried, and deposited in university 
herbaria. Cultures were maintained on 
modified Hagem’s agar. Four to six weeks 
before inoculation onto Douglas-fir roots, 
young cultures were transferred to liquid 
medium in prescription bottles containing 
glass beads (the method of Santoro and 
Casida 1959). A week later, mycelium in 
the bottles was fragmented by vigorous 
shaking with the beads, then grown 2 to 4 
weeks until inoculation time when it was 
refragmented, 


Apparatus for Pure Culture Synthesis 

of Mycorrhizae 

Usual methods for pure culture synthesis 
of mycorrhizae, as improved by Hacskaylo 
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(1953), enclose host and fungus within 
a flask. To provide a more natural at- 
mospheric environment for seedling tops, 
I devised an assembly for growing them 
with roots in aseptic culture but with tops 
in the open (Fig. 1). Pinus ponderosa 
Laws. initially served for testing the as- 
sembly. Techniques developed with pines 
were then used without change for Doug- 
las-fir. 

Wide-mouthed, quart mason jars were 
brim-filled with nursery-grade, expanded 
perlite, sieved to include particles I to 8 
mm in diameter. Plants grow well with 
nutrient solutions in perlite (Morrison et al. 
1960), which does not swell when auto- 
claved as does vermiculite (Hacskaylo 


1953). 


A nutrient solution was formulated to 
enhance mycorrhiza formation at low light 
intensities (Shemakhanova 1960): 1 liter 
H20, 5 gm glucose, ().25 gm KsHPQOs,, 
0.125 gm (NHs)2HPOsg, 0.05 gm CaCl», 
0.15 gm MgSO,*7 H:O, 1.2 ml of 1 per- 
cent ferric ammonium citrate, 50 mg 
thiamin. Enough solution was added to 
each jar to saturate the perlite and to leave 
about 5-cm depth of excess solution at the 
hottom—plenty for the 4-month duration 
of experiments. 


Next, a steel vent tuhe, 2 cm in diameter 
and 3 cm long, was inserted into the per- 
lite so that the top of the tube was flush 
with the jar’s lip. After the perlite was 
picked out of the vent, the jar top was 
covered with a light-gauge, aluminum-foil 
disc about 2 cm broader than the jar it- 
self. A hole was poked through the foil 
at the vent tube, which was then sealed 
to the edges of the hole with rubber ce- 
ment. The protruding edge of the foil 
disc was folded over the outside of the jar’s 
lip and sealed down by a mason ring 
screwed tightly over it. The vent tube 
was plugged with cotton. A petri dish lid 
was placed over the top of the jar and the 
whole assembly autoclaved 30 min at 15- 
lb. pressure. 

Aseptic seedlings were obtained from 


seeds soaked 2 hours in 30 percent H:O2 
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Figure 1. Pinus ponderosa seith. roots grow- 
ing in aseptic culture with an inoculated 
fungus; the aluminum foil normally cover- 
ing the glass ts removed to show the roots, 


then germinated on water agar. Once an 
uncontaminated radicle grew 3 to 4 cm in 
length, the petri dish lid was removed 
from the culture assembly, a hole slightly 
larger than the radicle’s diameter was 
aseptically punched through the aluminum 
foil near the rim of the jar, and the seed- 
ling’s radicle was inserted through the 
hole into the perlite. Rubber cement, 
sterile by virtue of its benzene solvent, was 
daubed around the hypocotyl at its line of 
contact with the foil to make an airtight 
seal. Jar walls were wrapped with alumi- 
num foil to exclude light from the roots. 
Culture assemblies were then placed in 
a growth chamber on racks that tilted 
the jars at a 45° angle so that seedling 
roots would grow along the glass wall for 
ready observation. The chamber was pro- 


grammed for an 18-hour photoperiod and 
a constant temperature of 18°C. Illumina- 
tion at the level of seedling tops measured 
about 1,000 foot-candles. 

If no contamination was seen in jars 
within a month, a selected fungus was 
fragmented in its prescription bottle and 
drawn into a sterile glass syringe with a 
13-gauge needle 9 cm long. After the 
foil cover of the culture jar was swabbed 
with ethanol, the needle was inserted deep- 
ly into the perlite near seedling roots. 
Inoculum was gradually expelled to spread 
hyphae over the root zone as the needle 
was withdrawn. The hole in the foil was 
then sealed with rubber cement and the 
jar replaced on its rack. 

Periodic inspection of roots growing 
against the jars’ glass walls indicated that 
mycorrhizae were well formed about 3 
months after inoculation. Jars were then 
opened and sample rootlets and pieces of 
perlite cultured to test for contamination 
(no syntheses reported in this paper were 
contaminated). Mycorrhiza samples were 
fixed in chrome-acetic acid solution, em- 
bedded in paraffin, sectioned to 8 p thick- 
ness, and stained with safranin-fast green.’ 

The particular virtues of this technique 
for pure culture synthesis of mycorrhizae 
are that (1) seedling tops grow in the 
open, (2) roots can be conveniently ob- 
served at any time, and (3) inoculum can 
be distributed over a large part of the 
root system, Its pitfalls include: (1) rub- 
ber cement used for sealing seedling stems 
to the aluminum foil, if too dilute, runs 
down the radicle and can kill the seedlings; 
(2) many fungi, especially slow growers, 
are killed by fragmentation; and (3) the 
perlite has poor capillarity—in time, it dries 
out above the level of free-standing nu- 
trient solution, This last problem was 
overcome by lining the jar with paper 
toweling before the perlite was added and 
inserting seedling radicles between towel- 
ing and jar wall. The toweling served 


1 Allan Doerksen, of the Oregon State For- 
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as a well-aerated wick. This procedauc 
worked so well that the perlite seems un- 
necessary: jars with only nutrient solution 
and towcling held against the jar wall by 
any other means should do equally well. 


Ectotrophs’ Formed in Pure Culture 


Pseudotsuga menziesii/Hebeloma  crustulini- 
forme (Bull. ex St. Amans) Qué]. sensu 
Kiihner and Romagnesi, Maublanc: Trappe 
#225, Univ. Wash. Herbarium (Fig. 
23 A, B; C): 


Gross morphology. Mycorrhizae, white 
and tomentose from copious, loose, surface 
hyphae and undifferentiated rhizomorphic 
strands. Individual mycorrhizae, cylindric 
to pinnate in form, with one to three indi- 
vidual or pairs of opposite, lateral branches. 
Total length, | to 7 mm; diameter, 0.4 
to 0.6 mm. 


Mantle structure. Surface, a tangle of 
loose hyphae underlain by a layer of inter- 
woven hyphae with a predominant ten- 
dency to spiral around the rootlet at nearly 
right angles to its axis, Near the root cor- 
tex, hyphal alignment changes to predomi- 
nantly parallel to the rootlet axis. One to 
three tiers of separated, opaque, disfigured 
cortical cells included in mantle. Total 
mantle thickness 10 to 30 p. 


Mantle hyphae. Thin walled, hyaline, 1 5 
to 5 a (mostly 2 to 3 a) in diameter. Septa 
spaced at 20 to 50 a (mostly 25 to 40 p). 
Clamp connections at nearly all septa. 
Clusters of tiny, red-stained granules in 
occasional cells. Hyphae emanating from 
mantles straight and branching sparingly, 


* As coined by Singer and Morello (1960), 
“ectotroph” refers to the “composite organ- 
ism” resulting from ectotrophic mycorrhiza 
formation, expressed for specific associations as 
“host/fungus.” The straightforward conven- 
icnce of this expression commends its use, 
provided one remembers that an individual 
host plant usually has mycorrhizae formed 
with several fungi on its root system and 
thereby comprises several “ectotrophs.” 
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Feur 2. A-C, Pseudotsuga menziesii/Hekeloma crustuliniforme mycorrhisae: A, groing from 
a long root, KA; B, cross section, X500; C, cross section, K 1250. D-F, P. menzicsii/Suillus 
subolivaccous mycorrhizae: D, Suillus rhizamorph formed in pure culture, cross section, XK 1250; 
E, mycorrhizae growing from a long root, X4; F, cross section, X500. 
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mostly at right angles, with occasional H- 
shaped fusions between hyphae. 


Rhizomorphic strands. Loose, undifferen- 
tiated clusters of parallel to interwoven 
hyphae similar to those emanating from 
mantle; not true rhizomorphs. 


Hartig net. Hyphae 1.5 to 3 p in diameter, 
thin walled, interwoven but predominantly 
oriented more or less parallel to the root 
axis. Net intrudes between cells of the 
outer two to three tiers of turgid cortex. 
Though difficult to detect in Hartig net 
tissue, clamp connections are present. Root 
cortical cells separated 1.5 to 3 p by one 
to two layers of hyphac. 


Intracellular infection. None in turgid 
healthy-appearing cortical cells. Hyphae 
with clamps commonly penetrate the de- 
formed, senescent and dead cortical cells 
that are included in the mantle. 


Rootlet anatomy. Xylem diarch. Cells in 
outer tier of turgid cortex 15 to 30 p in 
cross-sectional diameter; in inner tiers, 15 


to 50 » (mostly 30 to 50 a). 


Numerous researchers have claimed that 
H. crustuliniforme forms ectotrophic my- 
corrhizae with various gymnosperms and 
angiosperms (cf. Trappe 1962). As Kiih- 
ner and Romagnesi (1953) indicate, some 
mycologists have interpreted H. sinapizans 
(Paul. ex Fr.) Gillet as H. crustul'ni- 
forme. Unfortunately, no reports of H. 
crustuliniforme as a mycorrhizal fungus 
indicate which interpretation of the species 
was used. 

Shemakhanova (1956) briefly described 
mycorthizae of Quercus robur L./H. crus- 
tulimiforme formed in open pots of steril- 
ized soil inoculated with pure cultures 
isolated from  sporocarps identified by 
B. P. Vasil’koy. Color, form, and hyphal 
characteristics of the oak mycorrhizae ap- 
pear generally similar to those of the Doug- 
las-fir described above, but Shemakhanova’s 
drawings (her Figs. 3 and 4) suggest a 
pseudoparenchymatic mantle tissue. 

No other published description of mycor- 
rhizae formed by H. crustuliniforme is suf- 


ficiently detailed to permit comparison. 
However, field collections of Populus/ 
Hebeloma longicaudum (Pers. ex Fr.) 
Kummer and Populus/ Hebeloma hiemale 
Bres., as described in detail by Fontana 
(1961, 1963), strikingly resemble those of 
Pseudotsuga menziesi/H. crustuliniforme 
formed in pure culture. All share these 
characteristics: macroscopically white and 
cottony tomentose; hyphae of similar size, 
hyaline, and with clamp connections at 
nearly all septa; mantle of similar range in 
thickness, with inner hyphae aligned along 
the rootlet axis and outer hyphae spiraling 
around the rootlet at nearly right angles to 
its axis. 

Mycorrhizae with this type of two- 
layered, entirely prosenchymatic mantle kev 
out to “genus Ha” in the later, English- 
language version of Dominik’s (1959b) my- 
corrhizal classification system (Dominik’s 
earlier, Polish-language key specified that 
the inner mantie layer of “subtype H” be 
pseudoparenchyma ). 


Pseudotsuga menziesii/Suillus subolivaceus 
Smith and Thiers: Trappe #160, Univ. 
Wash. Herbarium (Fig. 2; D, E, F). 


Gross morphology. Mycorrhizae, pale buff 
pink. Surface, sparingly tomentose - with 
numerous rhizomorphs appressed against 
and emanating from the mantle. Individ- 
ual mycorrhizae, cylindric to irregularly 
pinnate with one to four individual or pairs 
of opposite, lateral branches. Long roots, 
occasionally weakly infected. Mycorrhizae 
frequently burst their mantles with addi- 
tional apical growth. Total length, 1 to 
10 mm; diameter, 0.4 to 0.6 mm. 


Mantle structure. Interwoven throughout, 
loosely so at the periphery but hyphae 
crowded into compact tissue near rootlet 
cortex. Two to four outer tiers of crushed 
cortical cells included in mantle tissue. 
Total mantle thickness, 30 to. 100 a (man- 
tles on long roots rarely exceed 20 4). 


Mantle hyphae. Thin walled. Outer, loose 
hyphae 1.5 to 4.0 » (mostly 2 to 3 p) in 
diameter. Hyphae of inner compact tissue, 
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2.5 to 12 » (mostly 3 to 8 ~). Septa sepa- 
rated 10 to 35 x in outer hyphae; tangled 
interweaving prevented measurement in 
inner tissue. Clamp connections lacking. 
Clusters of tiny red-stained granules in 
occasional cells. Hyphae emanating from 
mantles sinuous and sparingly branched at 
angles of + 60°, with occasional H-shaped 
fusions between hyphae. Irregular surface 
icrustations of various sizes frequent. 


Rhrzomorphs. Concolorous with mantle, 
frequently branched, varying from 12 to 
100 » in diameter and composed of 15 to 
many hundred parallel hyphae. Core hy- 
phae, 3 to 6 ø in diameter; surrounding 
hyphae averaging progressively smaller to- 
ward the periphery, where they range 
from 1.5 to 2 » in diameter. 


Hartig net. Hyphae, 1.5 to 7 » (mostly 
2 to 4 a) in diameter, thin walled, inter- 
woven, Net intrudes between cells of out- 
er three tiers of contiguous cortex (on long 
roots only one tier is penetrated). Clamp 
connections lacking. Root cortical cells 
separated 2 to 10 » by one to three layers 
of hyphae. 


Intracellular infection. None in turgid, 
healthy-appearing cortical cells. Hyphae 
commonly penetrate and occasionally fill 
outer, deformed, senescent cells. 


Rootlet anatomy. Xylem diarch. Cells in 
outer tier of turgid cortex 12 to 30 p in 
cross-sectional diameter; in inner tier, 12 
to 60 a (mostly 35 to 50 »). Cells in all 
but the innermost tier of cortex reached 
by the Hartig net frequently contain opaque 
material and show distortion in shape. 


Suillus subolivaceus appears to be a rela- 
tively aggressive root invader in pure cul- 
ture in the sense that the root cortex be- 
comes progressively deformed and presu- 
mably dies with advancing Hartig net 
penetration. A very similar type of infec- 
tion characterizes Pinus sylvestris/S. luteus 
(L. ex Fr.) S. F. Gray in nature (Do- 
minik 1959a) as well as in pure culture 
(Shemakhanova 1960). 

Field collections of Pinus strobus L./ 
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Suillus granulatus (L. ex Fr.) O. Kuntze 
(Fassi and De Vecchi 1963) had rhizo- 
morphs and incrusted hyphae identical to 
those of my pure-cultured Pseudotsuga 
menziesti/Suillus subolivaccus. Fassi and 
De Vecchi state that hyphal incrustation is 
common to all mycorrhizae formed with 
species of [xocomus (Suillus sensu Snell). 

Mycorrhizae from pure cultures of Pseu- 
dotsuga menzicsti/Suillus subolivaceus are 
intermediate between “Cd” and “Ce” of 
Dominik’s classification. 


Pseudotsuga menziesii/Rhizopogon colossus 
A. H. Smith: Trappe #182, Univ. Mich. 
Herbarium (Fig. 3; A, B). 


Gross morphology. Mycorrhizae, initially 
white; in the 3 to 4 weeks following man- 
tle formation, surface hyphae change 
through salmonaceous to dull brown. The 
overall impression was that the mycorrhiza’s 
color was paler than that of surface hyphae, 
because underlying constantly white hy- 
phae were not completely covered by the 
darkened outer hyphae. Surface densely 
tomentose from emanating hyphae and 
rhizomorphs. Individual mycorrhizae cylin- 
dric and unbranched. Long roots fre- 
quently infected. Mantles commonly burst 
by additional apical growth of rootlet. 
Total length, 1 to 12 mm; diameter, 0.5 
to 0.6 mm. 


Mantle structure. Surface, a tangle of 
loose hyphae. Underlying tissue of inter- 
woven hyphae, but with the peripheral 
part predominantly spiraling around the 
rootlet axis and the inner part aligned 
predominantly along the rootlet axis. One 
to three tiers of separated, crushed cortical 
cells included in mantle. Total mantle 
thickness 30 to 100 x. 


Mantle hyphae. Outer mantle with both 
thin-walled and thick-walled (up to 1 p) 
hyphae, the former hyaline to brownish 
and the latter brownish. Inner mantle with 
only twin-walled hyphae. Hyphal diam- 
eter 1.5 to 5 p, the thin-walled hyphae 
mostly 2 to 3 p, and thick-walled mostly 
3 to 4 wp. Septa of thin-walled hyphae 


separated by 8 to 45 », mostly 15 to 30 »; 
of thick-walled, 25 to 150, mostly 30 to 
75 ». Clamp connections lacking. Clusters 
of tiny, red-stained granules infrequently 
present in cells. Hyphae emanating from 
mantle sinuous, sparingly branched at angles 
of 45° to 90°, with very infrequent H- 
shaped fusions between hyphae. 


Rhizomorphs. Whitish to dark brown, 
frequently branched, varying from 20 to 
200 » in diameter and composed of 25 to 
many hundred parallel hyphae. Hyphae, 
2 to 5 mw diameter; the larger inflated to 
6 to 7 » near septa. Hyphae of all diam- 
eters intermixed except for periphery, where 
all are small. 


Hartig net. Hyphae, 2 to 7 » (mostly 3 to 
5 m) in diameter. Net intrudes between 
cells of the outer two to three tiers of 
turgid cortex. No clamp connections de- 
tected. Root cortical cells separated 2 to 
5 » by one to three layers of hyphae. 


Intracellular infection. None. 


Rootlet anatomy. Xylem diarch. Cells in 
outer tier of turgid cortex 15 to 45 p 
(mostly 20 to 30 ») in cross-sectional 
diameter; in inner tiers, 15 to 45 » (most- 


ly 25 to 40 a). 


No detailed descriptions of mycorrhizae 
formed with Rhizopogon species have heen 
published heretofore, so no comparisons with 
P. menziesii/R. colossus formed in pure 
culture can he made. The color changes 
with aging and the rhizomorphs noted in 
pure culture are notably similar to those 
occurring on sporocarps of several Rhizo- 
pogon species. By Dominik’s classification, 
the initially white P. senziesii/R. colossus 
mycorrhizae would be termed “Ca,” 
changing through “Ce” in the salmon- 
colored stage to finally “CP? when brown 
predominates. 


Pseudotsuga menziesii/Astraeus pteridis 
(Shear) Zeller; Trappe #226 Univ. 
Wash. Herbarium (Fig. 3; C, D). 


Gross morphology. Mycorrhizae, pale 
brown. Surfaces, sparingly tomentose with 


numerous pale cinnamon to blackish rhizo- 
morphs appressed against and emanating 
from the mantle. Individual mycorrhizae, 
cylindric to irregularly branched. Long 
roots frequently infected. Total length, 
1 to 12 mm; diameter, 0.4 to 0.7 mm. 


Mantle structure. Tissue of interwoven 
strands of 5 to 25 hyphae each. Gaps be- 
tween strands common, so that in micro- 
scopic section the mantle appears to have 
numerous, relatively large holes. No 
crushed root cells included in the mantle, 
but one to three layers of crushed cells may 
be appressed against outer turgid cortex. 
Total mantle thickness, 25 to 70 p. 


Mantle hyphae. Thin walled, 2 to 7 p 
(mostly 3 to 5 #) in diameter, frequently 
branched. Septa at intervals of 11 to 90 » 
(mostly 30 to 60 ~). Clamp connections 
at about half of the septa and at most 
points of branch departure. Guttules and 
aggregations of tiny, red-stained granules 
common in cells. Outermost hyphae often 
have amorphous surface deposits or incrus- 
tations. Larger hyphae emanating from 
mantles, relatively straight and sparingly 
branched at angles near 90°; smaller hy- 
phae, sinuous. No hyphal fusions noted. 


Rhizomorphs. At first concolorous with 
mantle, becoming blackish in age, varying 
from 10 to 100 p in diameter and com- 
posed of 14 to many hundred parallel 
hyphae. Tissue undifferentiated, the hy- 
phae ranging from 1.5 to 6 x in diameter 
and frequently swollen at the septa. Clamp 
connections present at about half the septa. 
Individual hyphae frequently branch off 
from the rhizomorph periphery. 


Hartig net. Hyphae, 1.5 to 7 » (mostly 
2 to 4 p) in diameter, thin walled, inter- 
woven but predominantly oriented along 
the root axis. Net intrudes between cells 
of outer one to three tiers of turgid cortex. 
Aggregations of red-stained granules com- 
mon. No clamp connections detected. Root 
cortical cells separated by one to two layers 
of hyphae. 


Intracellular infection, None in turgid, 
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healthy-appearing cortical cells. Hyphae 
commonly penetrate outer, deformed, se- 
nescent cells. 


Rootlet anatomy. Xylem diarch. Cells in 
outer tier of turgid cortex 10 to 20 x in 
diameter; in inner tier, 10 to 65 » (mostly 
30 to 60 p). 


In gross morphology, these mycorrhizae 


closely resemble those of Pinus virginiana 
Mill./Astracus hygrometricus ( Pers.) 
Morg., reported from field collections by 
Schramm (1966). Also, the tough rhizo- 
morphs that darken with age in pure cul- 
tures resemble those clustered at bases of 
sporocarps of A. pteridis. The mycorrhizae 
probably would be termed “Cf” in Dom- 
inik’s classification. 


Figure 3. A-B, Pseudotsuga menziesii/Rhizopogun colossus mycorrhizae: A, growing from a long 
root, X4; B, fungal mantle, outer root cortex and Hartig net, cross section, X500. C-D, 
Pseudotsuga menziesii/Astraeus pteridis sycorrhizae: C, growing from a long root, X4; D, 
fungal mantle, outer root cortex, and Hartig net, cross section, X500. 
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Discussion 


Two precepts must be followed in con- 
ducting and reporting pure culture syn- 
theses or describing field collections of 
mycorrhizae to yield maximum useful in- 
formation, Unfortunately, both have been 
neglected more often than not. First, 
sporocarps, especially those from which 
isolates are obtained, should be carefully 
described, authoritatively identified, num- 
bered, and deposited in a permanent her- 
barium where they are available for study 
by other scientists; all publications refer- 
ring to experiments with isolates should 
designate them by collection number and 
location of the voucher specimens. This 
basic, scientific precaution is needed pri- 
marily because of the many ambiguities of 
Friesian taxonomy which modern tax- 
onomic approaches are resolving. Preced- 
ing discussion of the Pseudotsuga/H ebelo- 
ma ectotroph has touched on this need. 
Smith and Zeller’s (1966) monograph on 
Rhizopogon further exemplifies the changes 
wrought in species concepts by contempo- 
rary methods. Only brief study of their 
classical paper is needed to conclude that 
few, if any, of the Rhizopogon species pre- 
viously described as mycorrhizal associates 
are dependably identified. Consequently, 
despite the 14 pure culture syntheses of 
ectotrophs with Rhizopogon species plus the 
numerous field observations reported in the 
literature (cf. Trappe 1962), we know 
only that an unknown number of uniden- 
tified Rhizopogon species form mycorrhi- 
zae. Hopefully, some of this research can 
be salvaged through reexamination of 
voucher herbarium specimens. If identity 
of the host symbiont is in any doubt what- 
ever, suitable material should likewise be 
deposited in a herbarium. 

The second precept has been followed 
by only a few researchers: Morphology 
and anatomy of mycorrhizae of specific 
ectotrophs should be described in detail 
if classifications of and relationships between 
different types are ever to be systematically 
defined. In trying to determine if the 
Pseudotsuga menzxies/H ebeloma crustulini- 


forme mycorrhiza formed in pure culture 
resembled those formed by that fungus 
with other hosts in other circumstances, 
I consulted 21 different papers. Only one 
of these reported enough anatomical de- 
tail to permit even superficial comparison. 
To all practical purposes, descriptive and 
comparative anatomy of mycorrhizae has 
barely begun. 

Desirability and feasibility of mycor- 
rhizal classification are beyond the scope 
of this paper. Comments on the approach 
to classification are appropriate in light of 
the experimental results, however. 


The first two mycorrhizae described 
from my experiments resemble very close- 
ly those formed in nature by closely re- 
lated species. No comparisons were pos- 
sible for the second two, but structures in 
both (e.g., rhizomorphs) resembled the 
same structures naturally formed by the 
respective fungi. Other pure culture syn- 
theses have yielded mycorrhizae identical 
in anatomical detail to mycorrhizae of the 
same ectotrophs in nature; e.g., Cenococ- 
cum graniforme (Sow.) Ferd. and Winge 
with several different hosts (Lihnell 
1942). Past laudable caution in relating 
mycorrhizae synthesized in pure culture 
to those formed in nature can now justifi- 
ably yield to the evidence that at least some 
anatomical features of mycorrhizae of a 
specific ectotroph are constant, regardless 
of the circumstances in which it formed. 
This principle markedly facilitates mycor- 
rhizal classification. Moreover, it indicates 
the approach needed; constant features 
must be determined as a basis for natural 
classification. 

Only Dominik (1959b) has attempted 
detailed classification of ectotrophic mycor- 
rhizae. His scheme generally accomplishes 
his intent (he describes its limitations quite 
frankly); i.e., morphological classificatior 
of mycorrhizae with no overall attempt 
to identify participating fungi. A given 
ectotroph may key out in Dominik’s system 
to any one of several types, depending on 
its stage of development. Pseudotsuga 
menziesit/Rhizopogon colossus, for ex- 
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ample, begins as a “Ca” mycorrhiza and 
within a few weeks changes to “Ce” and 
finally to “Cf.” Here, the emphasis on col- 
or, an often ambiguous characteristic, is re- 
sponsible for a single mycorrhiza changing 
in classification over a short period of time. 

A natural system of mycorrhizal classifi- 
cation, in contrast, must he based on in- 
herently constant features of the fungus 
and of the host’s reaction to infection. 
Several features of the four ectotrophs 
described in this paper appear to be par- 
ticularly significant: 

1. Clamp connections: absent or rare- 
ly present, common at about half the septa 
or prevalent at nearly all septa. Clamp 
configuration important in some cases; 
e.g., the “open” clamps of an Inocybe sp. 
(Schramm 1966). 

2. Hyphal morphology: size, wall thick- 
ness, surface incrustations, branching fre- 
quency and angle, etc. 

3. Rhizomorphs: absent or present, of 
undifferentiated or differentiated hyphae, 
etc. 

4. Mantle structure: more specifically 
detailed than in Dominik’s system. 

Other characteristics will doubtless prove 
useful. Color can be very important when 
constant and distinctive as with Cenococ- 
cum graniforme. Chemical reactions may 
be highly useful; e.g., response to Melzer’s 
reagent or KOH. 

Much research is needed to establish a 
workable natural basis for mycorrhizal 
classification. Application of modern tax- 
onomic concepts should make feasible a 
workable system that will ultimately permit 
identification of participating fungi on field- 
collected mycorrhizae, at least by groups 
of species and in many cases by individual 
species. 
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